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%3Mt> mmRwm^ts-ffx^amLrm^x^ 10 
xmux s xs t , xv ft l tz wmmm* 

So 

m$$M 3 ] %/ v 3 ys±fc y- h mmm%^m% 
xx h'W-y*-?x?£ LxfflB&Mxtt&Mtt&fa 

Mt^lgfc, MEl^XW^-VfcBfcSf SXg 
£^tf#X£m^Ts tuEl^XX h7^-y£lt£L/c 

mommyv =iym*mimcfflt??>xm£*<3ts£ 

[H^9[4] ME^Xh/^^-y^^-r^XS 
iX # X £@jjg L TWrfftTJt'?*? X 

vffcU X5xV{fcUftt3feMig&lf*|g£^tr#X£ 

m^msi MiB^xhA^-^its-r^xes. 
huibs/u ^ym*WRm^mc$%xim.s m-vn 
^^yA-mmmmicm c tmmttmmm 

&fc*nSR*ffV\ MfBbXX h/«*-:y*Bfc£f3Xg 

Jjl&o 40 

Kzmni&mzxmt, t<D&mx&&mte$mfrt> 
%za±Kis ; 'JxhJ < i'$'-y%&M?%xmt, cvis . 

XX VAZ-y%vz?t LTMfB^MX&^Kfc^tf 
frZftZMZ^y^yytZZtlc&r)-, >f~-hWB£ 

ftM?%x&ts mmRwm^ts a x^muhxm 

#X% XXXMfcX § IS £ , Xt? XX ft Lfc tufBltSi 
RttVkig#-g*y:2fx#ffl i^t, MIBl-Xx h/<.$-y% 
ft£-T3£ fefcWES/U 3 >Jf*SR«k:iWfc-rsx 50 
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[ft*«8] wBi'v =tyfrt>%%ffl£ximm~yv 
3ym%mtRmmitt%)§mmtircMffiici3\,>x, 
MmmM&xfTmz^tsjsxz-?? xv<t t , x^ xx 

ffcLXcK^X^MiBv' U a yfrbteZffl&ltzfflEi' V 

^ymictmtzztmmttzmMmu z, 3, 

msm 9 ] «WBIteRStf7K**-&tf #X t LT7K 

(h 8 o) %^act%if«ii:-ra«^i, 2, 

3, X&7!B«^¥«ft8t§<9®g^So 

>>2^ oX>^2* s /b-r-'J'.X x^y/k n/^K X 

%%%^%ct%^mt~f%immu 2, 3, xin 
[0001] 

[0 0 0 2] 

IC> JffftSlft^JiSLTV^MO S L S I <f>9s 

mx\t, X- h*®^fflJtiTi/^#M^^U ayit 

[0003] cci^&ci:^ ^i^'Jnytft 

v-vwutLxmmtz>mfr$>-&-ztix^z> 0 w> m 

o ^©Sil^^MiJ:, ^CBMffiir[$*^|g H B B ^ Vay 
<t?)fe2ffifg< s Sfc^'JX^FOgia^ 1X4-1 

x 3 isfc t) > ffigK©«sian»s t l T#an$ nr 

[0 0 0 4] ±&LTcimfi&M (Wx.«W) ^y- h 
*<fcDB7 (a) fc^1-|!5fi<Dt)©>b^5nTV>S. MP 

nfcV-X, FWyXrfn* MSf(S7 3a, 7 3 



3 

(mtfTiNJi) 7 6RtfWJl7 7 3^6asy-h« 
417 87bTO6nTV^„ lusHy-h*ffi7 8% 

Hj^-f^Sffc^JSJi 7 6 &WJI 7 7 CD^S b b b>"J 3>1 

7 5fcft-r3tB*H£%fa±"r*fc#^ wi7 7 t^ae 

=1VM 7 5 t^SSLTffiSxW l ffi±#f S^ 

[0 0 0 5] i:C5T\ $*£D3fffl2ftTt/^^£H 
v-U h*ffi©^XgT?(i> 5~5 0nmt^ 

•a fc»^y- h i£{ts§fc*hr s ^pg^y- h *scdx 7 10 
TWo cons, y-bWtisw«nT^ 

[0 0 0 6] U^L&fc^ -IfttWs Mof©ilii 
tbs ttMLtcmJ (a) t^y-h*«tiit«LT 

i 5 ftsnwtis^affl f « c £ tfT?#a*> 1 20 
[0007] ±Eiaw«itttr*stti:LT> ifjctt^ 

# <M*tf#Jfc> Stfltftftm (ffl*fcr#«30 

■e^a-rsct^ y- vmmm^t^mmms 
y- MfjE^ftx?^ c fc«rariBa^y 

flB^&ffitf.fc<&l£ttTVS (#ffi¥3- 1 19 7 6 
3) o 

[0008] aomMwammc^xi^ xia^a 30 

t>nt^S. H2 % H 2 0, N 2 (D^ v J±^P« 2 , 

r H20 N r N2 P H2 / P H20 ^ 0 . 5 J^JIn 

1. 0 x 1 0 9 JJTRcU fr-o 1 o g Pn 2 %-2 2tt 
±, 1 4ttTtt5o Jits J:DJf*U^feffiiLT« 
MfB^fi#8 0 0-9 0 0°cmcJ:*U<, 

P»2 /Pi20 * 1 . 0 X 1 0 3 U±s 1 . 0x10 

4 WTfcU s^oi ogP« *-2W±x 2«Tfcf 40 

[0 0 0 9] Lfrbftff^ «}ficDm7aW*W^fc < tt) 
C ©acD^iSlc % -o T im~f<D <fc 5 &B8H©^ 13 5 C t 

»DWflEttfl±fc£ffl&:S' y 3 >M1tm%W% Tctblt it 

[0010] wtLTs y-hmmszmmrnmti. 50 
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(9 1 6°C, H 2 /H 2 O/N2 =0. 16 4/1X1 
OVO. 8 3 6 a t m) TJ 1 2 0^»^ToTt» 
S i0 2 mm&%!2~3 nmLi«?tl&^ (07 

(b) ) o ZtDTctbs 9 1 6Xii:v^lSaAnflR%S^ra 

7 8 V&fg&isV 3 7 5 13© K-M> h 7 5 ' ^ 

- nwtas 7 4 ^fcffimu y- b*so»j±tt%^ft 

[ooii] ±smmw&, &mm±<Di<i?xh*m 
Sfrsxsfc fc'^T, Mi»®wi?ns hows 
civs, enki/T, wy-h«s©toxfi©w±ffi© 

bi/Xh^PMTSlSfcfc^T^ SHMLa(H 2 s 
0< +H 2 0 2 ) fc£S£W;£jg:frLTL$5fc#K O 

&m&2t>Zc %rc\si?xhmm5&thTCF< +h 2 

[0 0 12] S6lc*fe, ±ELfef4«{is y-h«ffi 
[0 0 13] 

a Hjp*«*f off tt*95ft l s d p^a^s *sie 

[0 0 14] 

^9 XMtfS C i: fc j; t) HRtf O H L , 

[0 0 15] Sfc^BTOu >"Jn>®±fcy-F^S 
IH^*S:tf7j<«^#t?^x^ffl^T, KHE$<"J nyjf* 

[ooi6] zitz&wtz, is9=tym±tcr-h*M 
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JSft-&iK9^6.ft««±f<: l^X h^-VfcJgjfcrsi 
8fc, c©l^Xh/^-y£vx^tLTMIB&iiX 
6 &3 g^x y ^y^f § c t fc «fc 0, 

tfX^I&jgLT^X^^XMfc-rSXgt, 
v{t LfeMBW^tf **S*£tr#x%ffi i MfB y 
yx h/^-y*MHBLfea©Wl3^'j io 
fcBWfcf 3 x@ t c t fS> t -f £ ¥*ttSK© 

[0 0 17] yyny/f±^-Mg£i 
St, c<Dbyxh/^-y£vx^tLTi(?fe&SX 

l fc*u mmmjkwm^ts is^m ^x , is 1 b y y~x 

[0018] ±mhft*mfe^x, ttT«n*i 

(1) tuiab^'xh/^->^itsi-§xs«, burr 
wmz^tsfixtzmmLxmiixzy^x^itL, f 
^x^itLtmmsm&xs^m^tsiJx^m^xm 

Cto 30 

[0 0 19] (2) Mi3i^xw^-y%^£-f&x 
(3) mZWXh/*2->%m£L1t& I£t>\c1i\m 

to 

[0020] (4) nm^vayfrz&zmmximm 
y y 3 >s%mRmcmtt%%ffi£nnrcmmc]$^ 

XvftL/ct^x^Mtay y n y^ &&£iS«x&iMB 
yynysuz^-rscto 

[00 2 1] ( 5 ) tulBlBSRt»j<|g%#t? #X t hX 
# (H 2 0) %ffl^Ct, 

(6) mm&mxii;.&m{t&®ifrt>%:?>ffl£ximtL 

>7A, /Vr— 9A> 3>WK xy£;k 

[0 0 2 2] (7) y-Mtffi*, ^SS^Sm # 50 
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— >>a^ $y^xtx 

[0023] o) msMmmfTkmtt^&tfx, 

fcf#£#;*;X (ArHrf) t^rl-a-L, *<DMG% 
[0 0 2 4] 

iELTM#X£75XVft;T3 C t fc <t t) HRtfOH^ 

yy a^dasttKfcAiiiXtt^Wfcd**' 

5> ft ISiS t tm& L ftHlgfcft L T MfB H O H * 
#8&T3<EnN OH9k:£ t>>"J ayfr&ft&MStO^ 

ffc^fr? 1 1 fcfc, Ki^fcitffc^ns^Mx&^fiffc^ 

»*» 6 ft H J; t) ^Wfc^TC-T 3 C £ ftX * 

^o ftfcc<D#a\ Hiiyyny^fkK^STn-ratg^ 

[0 0 2 5] Lftibt, ^XVffcL-fc&JtSRtfeKJR 

^tf^x^/it^ ctfc<tt), y y 3 >«±ty- h 

■So 

[0026] h mmzMffct § &mmm<DM 
immiL-o-Ds \yV7s ymwb^\tf- unto 
xs^^fcfT^ <i t^r*^ sstisja-es io 2 bi 

[0 0 2 7] 3:7c, *5SW©^lC*^«iBRRtf*3R 

^-ttf^x^y^xvfL {J*©* wmmvxmic 

^Xlt, EPrT«^, EPpJJS» 

[0028] tufayyay^Ba^ffi^x^M 
nay y n ys^^K^fc^fc^s »m t mtitcmmcjs 

^X, MmMMRWrnzt^tsfiXZ^X^itL, ? 
xXvftLfcM^X^MfBv-y 3 yfrfettSIWilXtttt 
E 5/ y a y» ic ftl&TS c t ic J: -o T> tuIB^- h ^ 

[0 0 2 9] 

^TiUfflfcfjB^-r^o 01 (a) - (d) it, %mm<o 
m i <ommwte&z>f--hw&<oBj$xm%tttmm® 

X&'&o 

[0 0 3 0] $-f\ 01 (a) lc^t£5lc, Wftiip 
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V n yWSL l l gffifcSftiWfcfc £ t> 7 4 F» 
^{fcH 1 2 -exists nfc y y n ymm i i 2 5 ~ 3 

OnmiDi/'Jnylftil 3*^Lfc 0 
[0 0 3 1] &^T\ .S/'J nyMffcBSt 1 3±lcSMtft* 

l*»*i%ftr5nfejP2 5 0 nm^^yayf 1 4 

£*llLfc&> Sffil 1^473 K<DSftfcfi!8L;fctt 
T i h £ LTN 2 * 

-ex/-w * y y s c i: t ± 0 * #fSHry y 3 y® 1 

4±fcf?5 0nmOT i NM 1 5%fllfc 0 10 
T\ L P C VD&fci?)** (H 2 ) % ^JV^y (S 

iHi ) , Rtf7\7^fl:^V^XT> CWFe ) ©?I^ 

H2 *0. 1 7 3 To r r, S i H< % 
0. 013Tor r, WF« ?0. 0 6 5 Torr©# 
ftEEfcUnU 4 2 0°C©S«SftT?T iNI15ifc 
JS^^ 1 5 0 n m©W« 1 6 fcHiRLfc (0 1 

(b) ) . 

[0 0 3 2] X}Z-0-3%s ffllHWS 16, T i Nil 1 5 

v 3 ym 1 4 ^iisr © 7* m; y $^ 7* 

fcgj£tt'f*yX7f>^ (R I E) ^ffl^TMWR 20 

nrrsca-eai (c) ic^-ry-FSSi 8*jb*l 

7Co 

[0 0 3 3] zKUft (H 2 0) #fl£%2 5. 6m 

Torr, m&U&%5 3 0°C£U ^-f^PMKH 
(2 4 5 0MH z, 1 0 OW) fc£9H 2 0£ 

7°^ XMfc L t s c ft* #'7 y 7 n — t? y y 3 ygffi 1 

[0034] mzit, isawmmtx&m^itjm 
£?t> hjsss& csiitf) 2 7 fit asm 2 8 (cc 

tH^'J3Vifil 1) fcMRSSft, MJ^2 8li-b75 

4ot^S. 2 1 f4*%iKS-f SS^SS^ft 

-F/WS;V7*2 2, 23, mffcnftmwtrzfcft 
ft-2 4©R«-&ti?fc^WAW*38t>^ vyyai&gf 
*SB2 5£#8&£ft3<, c©v-r^n|fi6WS|J2 5fc£> 

*««v>r^pisawifc ) t-3TBS«n, 7^7 xv 

2 6fcS5» 7°^ X^ffcS ftfc#H;±IBaS§S§ 2 7 ft 40 
fc«W-&ftfcieB2 8fcML/T^^ft^ 0 3 

0, 3 niwfn*-##?#y7\ o-^y-^y 

7T35^o 

[0 0 3 5] ^©^©T^<0llfl3ft3fc«fc« fc, 0 

1 ( d ) t^-r * 5 ie ^fsnry y 3 y « 1 4 ©t ijh^ t 

y y 3 l 1 WMfcZ ft % 1 1 t > WSiffi&gHb 
2ftf\ fiOfffflLftT i NS1 5©®Wft-f>fcK 
ft^ftT^JO. 5 nm©T i 0 2 01 1 7«?ftT^ 
Sc^*«^ft7Co cft«^©^rStcit< Xn-fe 
xas^9 i 6°c^e» 5 3 ottcHcTigiSflre^s ay 50 
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fca-afc. st, y^MUiHT^yyyfcjc^TKft 

SftfcWJMJl^ft&^&Sifc&^o Scfc, *SSS6 

§^5 nmjf <ftoT^3C t%«KLfc 0 
[0 0 3 6] ■O^Ts 74—)\<Ymcm 1 ZM*>f~- 

ffifcy-X N FWVfcft-Sn* M»19a, 19 
b^figbTc (HI (e) ) o 

[0 0 3 7] *SySMfc*ft{^ y-h«ffi«3gfc$3^ 

s ^^gs^sitf - zchtf-z^zct mm* ft 

[0 0 3 8] 03 (a) ~ (c) HZtlZtlQUmJ], 

fcftmzm-zs i ojstatfwos m©si 

03 (a) ~ (c) Qtffleimmft-Z&ttZiiZCttf 

«<&v\ c©^ft^ft©S#?$Mg&*#ffi, SfiS 
9ijtra«7j©3o©/^9^-^-©iiMtioa^^ 

ffiWliSftS. ccT7K©S(**mis *Mi~2 0 
0 OmT o r r, EPin«±I 1 0~5 0 0W*WSL<> 
*«^fti:LTfi;^S^?) 1 0 0 OW&ffllefc-t^Tlf 
^T-S^c Hfc«=SL<fis *^ffil 0-1 0 0 OmT 
orr. 1 0~50mTo r r, Hfc«2 5mTo r r 

S7t, 9iAn*73 1 o ow«l> S#agft3 o o 
t, R F^ffl^ftffifiiti^tiD, 

^ffl v^fc v 9% Y a ys© ©, fes v^i^N y n ym* 

[0039] me &m}<Dm2<Dm&mi£&&¥m# 
mmom&xmic^r, H4 (a) ~ ( C ) ?#it 

«itirr3x=gST?f?-?m wsi 6±ti^xn 

2 0^SflJLTCft^3im©7^ by V^7 7V— fc«fc 

7 t/^--y^Lfu ^fc, b-yxh/^— y2o^ 

•?X5tLT, Wgl 6, T i NS1 5, &tf#*g||y 
ynygi 4^KfStt^^yx7fy^ (R I E) fci; 
0«^^»tX'yf-y^§ei:fc<tf9, 04 (a) 

[0 0 4 0] y°-E*Sl 8±g|5©l /im©y 

yx h/^-y 2 o*nfflfrsfc«)iE*©jSrti*fT-3 

/to &*&#fclycfcju TfcS^K (H 2 0) ^ff*2 5. 
6mTo r r, S&SS* 5 3 0 "C t U fg 1 ©HffiM 



(6) 
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fc. c ©7^Xv^aa 3 0 #fro fee 
[0 0 4 1] C©*©SWtfc«fc<5*!HilC<tt)s 04 
(b) fcaVTidfe:* W/fl 6±Ol/^XM2 0&M 

mzntco iio^s wni 6©sffi«^ft$nTv^^ 
■otto *fc> cost, y— sv&tg&s/vxy 
m 1 4 ©fiiiggp, TiNiis ©fluajjb^-f ^fcKKt 
s ti> aoy- h mm i 8 cdtsp x >y yis^im^ 

^J5 nmf<5oTMC fctfUffiSnfc 10 
[0 0 4 2] iV>T, 7^-;VFlMl 2&W-F 

*y&AU mmttZctlcXVi/V ayMMi l* 
®fcV-X, FW>tft5n' SH£fRRl9a N 19 
bfcJ&SLft (04 (c) ) o 
[0 0 4 3] $7c, iii±©VX^iiV^ hfctf-e 

[0044] *H3g{?iifcJ;ti{^ 7j<©M#ani@fcte 20 

mo s s¥i»ftg«*»!is-rs c t^t« c 

[0045] *m%<Dm3<Dmmmic%%¥mfo 
mmom^JMic.-o^x, 05 (a) ~ ( c ) *mmL 

Ml 6%MffirZTm£~V?f?rc&, WS1 6±lcUi? 
2 0#V7,?i:LT, W/f 1 6, TiNIl 5, Rtf^ 

*s*s/ypvjii 4^EjStt-r*>x^^y^ (r 1 

E) <fc D Wfc: x y ^ y 3 £ £ J; D , 0 

5 (a) 8%B&Lrc 0 
[0 0 4 6] f-hW&l 8±?PC0 1 (tmOl/ 

^*XM2 o*i!Mt-rsfca6*©SWt*ffofco 
ftfcLT, CH2 0) #ff£2 5. 6mTo r 

r, mmumi oo°ctu v^tumm. (245 

0MHz, 0lRj«7^1OOW) fci^Ha 0#W7U 40 
-y7XV»^3 0^Tofc o COjfiS*. 0 5 (b) 

tco wsi 6oa®»^ft;?nTv^^-?fco 

fSfc&fc, SSI l*Rj&8»2 7rtfcE«l/fct9l8 
too, »ffi&g% 5 3 0 "CfclffiL 3 0#RB£j$Lfc 
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TV^ft^fc, (05 (c) ) o 
[0 0 4 7] ^T, 7-T HfiWtK 1 2 RtW- h 
«ffil 8m^tUnW», M^ti'SJt*^^- 

ffitcy-X, FWVttSn' §a£ft/I19a, 19 
b£J£$Wc (0 5 (d) ) „ 
[0 0 4 8] ^USSWc^Ttt, fig-Pi/^ 

So 

[0049] ^mmmic^Ltcu^x hmmm 

<DgffiM&itmU~ 5 0 0 "C^Bfc&l^T^Tfe 
t>> ^0ftOSWfcBfcD»«gtt 5 0 0-1 0 0 0 

°c iDmmicjs^x 8&isJi&%im s> , $ frTk^m 

[0 0 5 0] jgfc*HS£M-?&, H-A£^y/<5-rt 

[0 0 5 1] ^fc, ffi©Mt««¥«ftSSOS}gI@ 
ico^T, 06 (a) S.tf (b) ^#^LTmBj!1-5o 

SX^^Sf 6 JS^x >y 5 C t ic J; 
y 7 d— ^ScD^Sfc <fc D 6 & § #X£!!ia L 

[0 0 5 2] (0 0 1) ?iffiit§nS>"j3 

y««3 2tC7-f-;l/FBS{tm3 3> P* ffi«[g3 4% 
JiE^^-r^o ^fc, «R0«SRWi:LTC VD-S i 0 
2 135, BPSG«i3 6©|OT»%£®fcii«Lfc 

h*~;l/j6»lcT i S i, I3 7««ICMU 5 
6 icMn y^zi'F *-;V^fcWS 3 8 ^51^fcffii6jA 
t?c CCfc T i§|3 9/T i NJ14 0/A lj£4 1* 
JIM^B^L, C ©±fc pyT, 4 2 ^MflJLT C 

ti^a#c>7* h'jy^77^-ia-3T/^-^y^ 
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1S4K TiNSIMO, T iM3 9%BJS&J*>x. 
vi-yf (R I E) tiOJRSWSRWtxyf-y^* 
CfcfciO. 06 (a) li^reiM4 3«/^-^ 

[0 0 5 3] ^t, A 1&4 l±©l>i?XhBS4 2* 

& (Hz 0) lOmTorr, S^SS^ 1 0 0 

°cku v^^pm«(« (245 omhz, mmtii 

OOW) fc<fc£H 2 0^ , '>>'7a-7 c ^XvMa ; &3 0 
^frofe. 10 
[0 0 5 4] il©7j<®f*Mati;Ds 06 (b) 
Jc^fcA 1R4 l±<Db^XhR4 2tt*Bt*tlfe. Z 
BQKSJB 4 3 fp(DA IB4 1 ©affi&IHE:£trf\ 
icfcI5IIS4 3^<DT 1 N§t4 0, Til3 9©ffl[ffifc 
ttf&O. 5nmCDTi0 2 &4 4tfM$.ZtlT^%£t 

[0 0 5 5] «©0 2 T-y^-fci^l^Xhflt 

So 

[0 0 5 6] JJBfi*fc*V^T»A 1 IBiif fcOl^T 

Rft-a-^S (T i N^T i S i 2 SS) ±fiDU^XMffil 

[0 0 5 7] £fc, ±fBMt^L7c7j<©Sc«fcfe^T^ 30 
*®SfilEH*^~5 0 0°CCDSM£?%MI!^#S 

[0 0 5 8] *fc, l^XhfiiSlXglcRg&lf, 0jf*fcf 
«Di^X hS^l^fc&MM^&JBffrS&WSs© 

[0 0 5 9] #^&±IBflfiS08fclS^2ri& 

[0 0 6 0] ^RtfTfc^-g-tr^Xs 

*tf&**X (Ar^Krf) U %0M&%* 

[0 0 6 1] *fcv ^MMkLTA liWfWft 
A, Pi/^As ;l-r— — *y-Jr;K P7lrt/K £y 
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ft, timi&mitsmm (t i n^t i s i 2 m 

[0 0 6 2] 4«Jik^»*5"; avMOHHft 

7N7~9A, ^^"XfX 7^i>"7A, 

7\ ^y^7K b-7A, iy^yfcgft 

ik sct^^x 7N7^7A, £yy 

[0063] ?e.t$7c> ^ynyiiLm '✓ya 

ySS^ffi^S^ SOI (Si liconOn Insulator) SS 
[0 0 6 4] 

[0 0 6 5] LfttfoTs y-h«ffi%«figfS^HJI 
iKfc©Xg£8^fcf.o c k^T-t, 2 sicffiia-ps i 

S» o 

[HS©ffi*^^BH] 

[H 1 ] *fgBJfc *S¥«#:SBOKjg^J*fc«fea 
[S3] EPtoM^s ««Ss TK^ffitWfSS i 0 

2 ssatfwos n©^s%7K-rifttH 
[04] 4&mc*&$m#sffl&E&3&ciifo& 

[05] *%wfc£%*mfemw<DMmfimmbz 
m 3 ©nfiSM^7K-rxgffE0o 
[06] m<^m^tiMwmm. 

[07] f^©¥?W*«ai®«Bt»i6*^ri8»f 

®0o 

1 1 : pSJS/Ua^Sffi 
1 2 : JPFWH* 

i 3 : -yvaymtm 

1 4 n yJI 

1 5 : T i NS 

1 6 :WI 

1 7 : T i 0 2 M 

1 8 : y-h«ffi 

19 a, 1 9 b : n* 



(8) 



m¥ 8-102534 



13 



2 0 : b^Xf-Jl 
2 1 : H#gg§ 
2 2 : 

2 3 : --F;W^7' 
2 4 : 

2 5 : ^4^uWm.U 

2 6 : :/9Xv 

2 7 : CB38B) 

2 8 : mm mm) 

2 9 : -fe^Sy 

3 0 : £-#4>^>7° 
3 1 : tt~$y-$y? 
3 2 : nS>"j3yIi 

3 3 : y^-^mitm 
3 4 : p 4 mm 

3 5 : CVD-S i Ch M 
36 : BPSGI 



14 



* 3 7 


T i S i 2 J§ 




3 8 






3 9 


t Td 




4 0 


T i NjSt 




4 1 


AIM 




4 2 




-y 


4 3 






4 4 


t i Oz m 




7 1 




m 


10 7 2 







7 3 a, 7 3 b : n M&KS 
7 4 :7-bfflm 
7 5 : 

7 5' : F-^>h 

7 6 : m&mm 
7 7 : we 

7 8 : ^*-MI 



[01] 



/3 





[02] 




30 3t 



[07] 





73a 



73* 



(9) 



0 2 5 3 4 



CH3] 



[04] 




fit) fcP*D**fi:fr4S. 



/ 2 3 



Co »K**ff«* 



C06] 



35 



X 





-42 
-39 J 



-■-32 



37 54 



(6) 




37 3* 



.70 



to 



M«6 I 



/3 



[05] 



to 




20 



'Mm 'i 3 




72 
// 



-n 



CO 



13 



T 



#f»¥8- 1 0 2 5 3 4 



immrn'] m&m 1 7 2 £ 3i*ie©$§« 

C^ffB] ¥$1 3^1 0B2 6 0 (2 0 0 1. 1 0. 2 6) 



[&M##3 #W¥8 - 1 0 2 5 3 4 

[&HB] ¥J*8*4£16B (1 9 9 6. 4. 1 6) 

'jsmmoms- 1026 

[HJH#^3 4#K¥6-2 3 6 2 5 7 

H01L 29/78 
21/336 

[F I] 

H01L 29/78 301 Y 



HftHB] ¥$1 3¥l£2 3 0 (2 0 0 1. 1. 2 

3) 

vmwE 1 ] 
mizmmm&i mm 

mmm m. 

rfft#n 1 ] tfTkje^j&^fx^^ HRtf o h 
rfg>t<xg 2 1 w»*ttrftk*»^rf # xfrfi H%rf oh 

[g^ai] yy gym kief- hmm*ftLT4!> 

Bgg liM^MaM^MMIklL MIR 
y y j ;/g£ga&fcg££S Xg y. c fc fr^M 

-If 



[M jrji 61 yv =1 ym t-.tcy- wmmmmw.it z 
ft^M \-ic-yyxhAZ~y&Mi$,itz,T.my. r.mv 

a sm 

J1(/>TR9 t fc^#mfct-^»5fi«6^_XlB®(D^ft 

[sot 9i yygym \&jz=±mmmm^ 

t^m hkib^x hJiz-ymmtz>T.my. cm, 
2Z LXME^MXa^Sft^! 



FiS¥8- 1 0 2 5 3 4 



k j? x * t°5 xvft-r s xs t , xvft l tcmm 

[?ME2] 

C«E*f*«i*] 0 0 14 

BUErtSfl 

[0 0 14] 

ittbtc^tm^ mmmMm^tf ■ffxt^umto 



tytfXfcSjjgLTMtfX^TvXMfc-rs cttciDH 

MiEM*«s«] mm 

IWJEMMmS^ 0 0 15 
MESS] sje 
[fflJErtS] 

[0015] j 2 v 5 ^i±tc y- h m 

fita e , sang* &&liiB^l& tf ykm^n-ffx 



iSt, ^SLtf7j<«^tf^x%®iaLTK^x%7 0 

mm** 

[«pQt!MM«] mum 
mmsimmi 00 1 e 

[IfjEf^S] 

[0016] 3 >p htcy- 1 



i/ y n y»± y- h w«t? i@ t > coy 

^^X^tLTHuE#SXtt^S{t-&%^5.ftSJi%x 

7v XV ft Ufe*3l3i»RRtf*lR*-&ty^X* 

[¥^«E5] 
[||IEM*»S«] BJ5lffl» 

WE»*9g«] 00 17 

[ffilE^] 
[«EF*J§] 

[0017] 3>m hfcy- hMS 

mit&tofr s ft s a±fc k^x_hzs^z y^MEi a x 

a^Blh^^P>ft%fl^x-y^yyi-^c^^j:O s 



-« 2- 



<$M¥8- 1 0 2 5 3 4 



f %> 1 £ lc Mfij/ y n y M*WRmc mitt 3 1M £ 

<5 O 



* JP„08-102534,A [CLAIMS] 



1/2 /*— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]H and OH are generated by exciting gas containing oxygen and hydrogen and plasma- 
izing this gas, A manufacturing method of a semiconductor device oxidizing selectively a field 
which supplies said H and OH to a substrate with which a field which consists of a field, metal, or 
metallic compounds which consists of silicon was intermingled, and consists of silicon. 
[Claim 2]A manufacturing method of a semiconductor device characterized by comprising the 
following. 

A process of forming a gate electrode containing a layer which consists of metal or metallic 
compounds via gate dielectric film on a silicon layer. 

A process of exciting gas containing oxygen and hydrogen and plasmaHzing this gas. 
A process of oxidizing said silicon layer selectively using gas containing said oxygen and 
hydrogen which were plasma-ized. 

[Claim 3]A manufacturing method of a semiconductor device characterized by comprising the 
following. 

A process of forming gate dielectric film on a silicon layer. 

A process of forming a layer which consists of metal or metallic compounds on this gate 
dielectric film. 

A process of forming a resist pattern on a layer which consists of these metal or metallic 
compounds. 

By etching a layer which consists of said metal or metallic compounds by using this resist 
pattern as a mask, A process of forming a gate electrode, and a process of removing said resist 
pattern, A process of oxidizing selectively said silicon layer after removing said resist pattern 
using a process of exciting gas containing this oxygen and hydrogen, and plasma-izing this gas, 
and gas containing said oxygen and hydrogen which were plasma-ized. 

[Claim 4]A manufacturing method of the semiconductor device according to claim 3, wherein a 
process of removing said resist pattern excites gas containing oxygen and hydrogen and 
performs it using gas containing said oxygen and hydrogen which plasma-ized this gas and 
plasma-ized it. 

[Claim 5]A manufacturing method of the semiconductor device according to claim 4, wherein a 
process of oxidizing selectively performs continuously a process of removing said resist pattern, 
and said silicon layer, within the same vacuum chamber. 

[Claim 6]A manufacturing method of the semiconductor device according to claim 4 
characterized by oxidizing said silicon layer selectively at a temperature higher than temperature 
of a process of heating further and removing said resist pattern after removing said resist 
pattern. 

[Claim 7]A process of forming gate dielectric film on a silicon layer, and a process of forming a 
layer which consists of metal or metallic compounds on this gate dielectric film, By etching a 
process of forming a resist pattern on a layer which consists of these metal or metallic 
compounds, and a layer which consists of said metal or metallic compounds by using this resist 
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pattern as a mask, A process of forming a gate electrode, and a process of exciting gas 
containing oxygen and hydrogen and plasma-izing this gas, A manufacturing method of a 
semiconductor device including a process of oxidizing said silicon layer selectively while 
removing said resist pattern, using gas containing said oxygen and hydrogen which were plasma- 
ized. 

[Claim 8]In a place which oxidizes selectively a field which consists of said silicon, or said silicon 
layer, and a distant place, Claims 1, 2 and 3 which plasma-ize gas containing said oxygen and 
hydrogen, and are characterized by supplying this plasmaHzed gas to a field which consists of 
said silicon, or said silicon layer, or a manufacturing method of a semiconductor device given in 
seven. 

[Claim 9]Claims 1, 2 and 3 using water (H 2 0) as gas containing said oxygen and hydrogen, or a 
manufacturing method of a semiconductor device given in seven. 

[Claim 10] As a field which consists of said metal or metallic compounds, or a layer, tungsten, 
molybdenum, Claims 1, 2 and 3 using platinum, palladium, rhodium, a ruthenium, nickel, cobalt, 
tantalum, titanium, aluminum, copper, or these compounds or a manufacturing method of a 
semiconductor device given in seven. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to the manufacturing method of the 
semiconductor device which improved the process of performing processing in an oxidizing 
atmosphere with respect to the manufacturing method of a semiconductor device, suppressing 
oxidation of metal or metallic compounds. 
[0002] 

[Description of the Prior Art]Now, as the electrode of a semiconductor device, or wiring, 
polycrystalline silicon is used widely. However, the signal transduction delay by resistance of an 
electrode or wiring is posing a serious problem with high integration of a semiconductor device, 
and improvement in the speed. Especially in the field of MOSLSI to which large scale and high 
integration are progressing, since the polycrystalline silicon currently used for the gate electrode 
becomes the 1st layer wiring and common use, resistance here has been an obstacle of the 
high-speed operation of a semiconductor device. 

[0003]Since it is such, the silicide of a refractory metal which has thermal stability and electric 
low resistance as an electrode wiring material which replaces polycrystalline silicon is being used. 
These days, the trial which uses the refractory metal itself, such as W and Mo, as a gate 
electrode is also made. The electrical resistivity of refractory metals, such as W and Mo, is lower 
than polycrystalline silicon double figures, and they are 1 / 4 - 1/3 of resistivity. [ of silicide ] 
Promising ** is carried out as an electrode wiring material of low resistance. 

[0004]As a semiconductor device using the refractory metal (for example, W) mentioned above 
as one component of a gate electrode, the thing of the structure conventionally shown in 
drawing 7 (a) is known. That is, 71 in a figure is a p type silicon substrate, and the field insulating 
films 72 for dividing an element region into this substrate 71 electrically are formed. The n + type 
diffusion layers 73a and 73b used as the sauce separated electrically mutually and a drain are 
formed in the substrate 71 surface separated by these field insulating films 72. On these 
diffusion zones 73a and said substrate 71 surface including the channel regions between 73b, the 
gate electrode 78 which consists of the polycrystalline silicon layer 75, the nitriding metal layer 
(for example, TiN layer) 76, and the W layer 77 via the gate oxide 74 is formed. The nitriding 
metal layer 76 which constitutes said gate electrode 78 improves the adhesion over the 
polycrystalline silicon layer 75 of the W layer 77, and it acts as a reaction barrier layer which 
prevents resistivity from the W layer 77 and the polycrystalline silicon layer 75 reacting, and 
rising a single figure. 

[0005]By the way, in the formation process of the polycrystalline silicon gate electrode adopted 
conventionally. In order to recover gate resisting pressure degradation resulting from the defect 
to thin gate oxide and the edge shape of a gate electrode of 5-50 nm, It heat-treats in an 
oxidizing atmosphere (for example, dry oxygen), and the process which newly grows up a silicon 
oxidizing zone on the substrate face used as the exposed surface of a polycrystalline silicon 
layer, sauce, and a drain area is performed. This process is called the after [ a gate ] oxidation 
process. 
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[0006] However, since refractory metals, such as W and Mo, generally did not have tolerance in 
heat treatment in an oxidizing atmosphere, there was a problem that a back oxidation process 
like before was inapplicable to the gate electrode structure shown in drawing 7 (a) mentioned 
above. 

[0007]By heat-treating the gas which contains a reducing gas (for example, hydrogen) and an 
oxidizing gas (for example, steam), and contains nitrogen further as a method of solving the 
above-mentioned problem in the atmosphere made into the gas for dilution. Silicon oxide can be 
formed without causing oxidation of the metal layer which constitutes a gate electrode, and a 
nitriding metal layer, and the silicon selective oxidation art which can raise gate pressure- 
proofing is known well (JP,3-1 1 9763,A). 

[0008]In this selective oxidation art, when N 2 is used as a gas which contains a steam (H 2 0) for 
H 2 as the above-mentioned reducing gas, and contains nitrogen as an oxidizing gas, it is said that 
it is desirable to set up those mixing ratio as follows. That is, if the partial pressure of H 2? H 2 0, 
and N 2 is made into P H2 , P H2 Q' and P N2' P H2^ P H20 wi " be made into 0 5 or more ancl be,ow 
1.0x10 9 , and logP N2 will be made into more than -22 and 14 or less. It is good, and in this case, in 
more than 1.0x10 3 , that said temperature shall be 800-900 ** as more desirable conditions 
makes Ph2^ P H20 kelow 10x10 4 , and it makes logP N2 more than -2 and 2 or less. By heat- 
treating on this atmosphere condition, it is possible to oxidize only silicon, without oxidizing the 
metal layer which constitutes a gate electrode, and a nitriding metal layer. 

[0009] However, if it was in this kind of method by the latest energetic research, it became clear 
that the following problems arise. First, in order P H2 o ^as a dramatically slow oxidation rate of 

silicon since it is low, and to obtain silicon oxide required for the pressure-resistant improvement 
in a gate electrode in case of the above-mentioned selective oxidation conditions, it became 
clear that it is necessary to carry out high temperature long time heating. 
[0010]As an example, in the gate electrode 8, even if it performs heating for 120 minutes in 

selective oxidation atmosphere (916 **, H 2 /H 2 O/N 2 =0.164/1x10" 4 /0.836atm), about 2-3 nm of 

Si0 2 thickness is not formed ( drawing 7 (b)). Therefore, when there is necessity when heating at 

high temperature of 916 ** is performed for a long time, and heating attained to the long time, it 
became clear that dopant 75' in the polycrystalline silicon layer 75 of the gate electrode 78 is 
spread in the gate oxide 74, and degrades the resistance to pressure of a gate electrode. 
[001 1]The problem to which refining of the metal layer surface is carried out in the process of 
exfoliating the resist on a metal layer, in addition to the above-mentioned problem has arisen. In 
the process of exfoliating the resist on the upper surface of W after processing of W gate 
electrode as an example, in order to melt W according to SH processing (H 2 S0 4 +H 2 0 2 ), 0 2 

Usher is performing resist removing. Since oxidation on the surface of W takes place at this time, 
it is necessary to return a surface oxide. Although resist stripping methods include the downflow 
plasma treatment of CF 4 +H 2 0, the problem by which the surface after resist removing will be 

polluted with F has arisen. 

[0012]The above-mentioned problem is produced in a similar manner further again not only about 
a gate electrode but about the resist mask on metallic wiring and the resist mask used as the 
mask of a through hole opening. 
[0013] 

[Problem(s) to be Solved by the Invention]In the peeling process of resist [ in / as stated 
above / a conventional after / a gate / oxidation process or oxidizing atmosphere ], etc., The 
problem on which the characteristic of a semiconductor device — the resistance to pressure of 
a gate electrode decreases — deteriorates, the problem which the metal or the metallic 
compound layer used as electrode wiring must oxidize easily, must return the formed oxide again, 
and a routing counter increases, etc. had arisen. This invention is made in view of the above- 
mentioned actual condition, and is a thing. 
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the purpose is to provide the manufacturing method of the semiconductor device which 
improved down stream processing which can be boiled and set. 

[0014] 

[Means for Solving the Problem]In order to solve a problem mentioned above, this invention 
generates H and OH by exciting gas containing oxygen and hydrogen and plasma-izing this gas, 
Said H and OH are supplied to a substrate with which a field which consists of a field, metal, or 
metallic compounds which consists of silicon was intermingled, and a manufacturing method of a 
semiconductor device oxidizing selectively a field which consists of silicon is provided. 
[001 5]A process at which this invention forms a gate electrode containing a layer which consists 
of metal or metallic compounds via gate dielectric film on a silicon layer, A manufacturing method 
of a semiconductor device including a process of exciting gas containing oxygen and hydrogen 
and plasma-izing this gas, and a process of oxidizing said silicon layer selectively using gas 
containing said oxygen and hydrogen which were plasma-ized is provided. 

[0016]When this invention etches a layer characterized by comprising the following, A process of 
forming a gate electrode, and a process of exciting gas containing oxygen and hydrogen and 
plasma-izing this gas, A process of removing said resist pattern, and a process of exciting gas 
containing this oxygen and hydrogen, and plasma-izing this gas, A manufacturing method of a 
semiconductor device including a process of oxidizing selectively said silicon layer after removing 
said resist pattern, using gas containing said oxygen and hydrogen which were plasma-ized. 
A process of forming gate dielectric film on a silicon layer. 

A process of forming a layer which consists of metal or metallic compounds on this gate 
dielectric film. 

A process of forming a resist pattern on a layer which consists of these metal or metallic 
compounds. 

This resist pattern is used as a mask and they are said metal or metallic compounds. 

[0017]When this invention etches a layer characterized by comprising the following, A process of 
forming a gate electrode, and a process of exciting gas containing oxygen and hydrogen and 
plasma-izing this gas, A manufacturing method of a semiconductor device including a process of 
oxidizing said silicon layer selectively while removing said resist pattern, using gas containing said 
oxygen and hydrogen which were plasma-ized. 
A process of forming gate dielectric film on a silicon layer. 

A process of forming a layer which consists of metal or metallic compounds on this gate 
dielectric film. 

A process of forming a resist pattern on a layer which consists of these metal or metallic 
compounds. 

This resist pattern is used as a mask and they are said metal or metallic compounds. 

[0018]In above-mentioned this invention, especially the following modes are preferred. 
(1) A process of removing said resist pattern should excite gas containing oxygen and hydrogen, 
and should perform it using gas containing said oxygen and hydrogen which plasma-ized this gas 
and plasma-ized it. 

[0019](2) A process of oxidizing selectively should perform continuously a process of removing 
said resist pattern, and said silicon layer, within the same vacuum chamber. 
(3) Heat further and oxidize said silicon layer selectively at a temperature higher than 
temperature of a process of removing said resist pattern, after removing said resist pattern. 
[0020](4) At a place which oxidizes selectively a field which consists of said silicon, or said 
silicon layer, and a distant place, plasma-ize gas containing said oxygen and hydrogen, and supply 
this plasma-ized gas to a field which consists of said silicon, or said silicon layer. 
[0021](5) Use water (H 2 0) as gas containing said oxygen and hydrogen. 

(6) Use these compounds, such as tungsten, molybdenum, platinum, palladium, rhodium, a 
ruthenium, nickel, cobalt, tantalum, and titanium, as a field which consists of said metal or 
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metallic compounds, or a layer. Aluminum, copper, and these compounds may be used. 
[0022](7) Let gate electrodes be laminated structures, such as metal layer layer structure, a 
metal layer / reaction barrier layer, and a metal layer / reaction barrier layer / polycrystalline 
silicon layer. 

(8) Use nitrides, such as titanium, a zirconium, hafnium, tungsten, vanadium, niobium, tantalum, 
chromium, a rhenium, and silicon, an oxide, and a nitriding oxide as a reaction barrier layer. 
[0023](9) Mix gas (Ar, Kr, etc.), for example, water and rare gas, containing said oxygen and 
hydrogen, and oxidize selectively a field which consists of said silicon using the mixed gas, or 
said silicon layer. 
[0024] 

[Function] H and OH are generated by according to this invention, exciting the gas containing 
oxygen and hydrogen and plasmaHzing this gas, Since said H and OH are supplied to the 
substrate with which the field which consists of the field, metal, or metallic compounds which 
consists of silicon was intermingled, while oxidizing the field which consists of silicon by OH etc., 
the field which consists of the metal or metallic compounds which oxidizes simultaneously can 
be effectively returned by H. Since the capability for H to return a silicon oxide in this case is 
weak, the field which consists of oxidized silicon is not returned to silicon. 
[0025]Therefore, it is possible to perform to oxidize said silicon layer selectively at an easy 
process, without oxidizing the layer which consists of the metal or metallic compounds in the 
gate electrode formed via gate dielectric film on the silicon layer by using the gas containing 
oxygen and hydrogen which were plasmaHzed. 

[0026]That is, since the process of oxidation behind resist removing or a gate can be performed 
easily and a Si0 2 film can be further formed at low temperature, controlling oxidation of the 

metal layer etc. which constitute a gate electrode, it becomes mitigable [ thermal load ] and 
improvement in gate pressure-proofing can be attained. 

[0027]In the process of plasmaHzing of the gas containing oxygen and hydrogen in a method of 
this invention, for example, the electrodischarge treatment of water, it is possible by changing 
the partial pressure of water, seal-of~approval electric power, seal-of-approval frequency, and 
substrate temperature to change the selectivity of oxidation of a metal layer etc. and a silicon 
layer. 

[0028]In the place which oxidizes selectively the field which consists of said silicon, or said 
silicon layer, and the distant place, The gas containing said oxygen and hydrogen is plasma-ized, 
and alternative oxidation of silicon can be performed effectively, without giving a damage to said 
gate dielectric film by supplying this plasma-ized gas to the field which consists of said silicon, or 
said silicon layer. 
[0029] 

[Example]Hereafter, with reference to Drawings, working example of this invention is described in 
detail. Drawing 1 (a) - (d) is a sectional view showing the formation process of the gate electrode 
concerning the 1st working example of this invention. 

[0030]First, after forming the field oxide 12 in the p type silicon substrate 1 1 surface by 
selective oxidation as shown in drawing 1 (a) for example, the 5-30-nm-thick silicon oxide 13 
was formed in the silicon substrate 1 1 which performed thermal oxidation processing and was 
separated by the field oxide 12. 

[0031 ]The substrate 1 1 after depositing the polycrystalline silicon layer 14 with a thickness of 50 
nm by which the conductive impurity was added on the silicon oxide 13 in subsequently, the 
state where it held to the temperature of 473K. By targeting Ti and carrying out sputtering to N 2 

in the mixed gas of Ar, 50-nm-thick TiN layer 15 was deposited on the polycrystalline silicon 
layer 14. Continue and with an LPCVD method Hydrogen (H 2 ), a mono silane (SiH 4 ), H 2 using the 

mixed gas of tungsten hexafluoride (WF g ) And 0.173Torr, 0.013Torr and WF g were held for SiH 4 

to each partial pressure of 0.065Torr, and the W layer 16 about 150 nm thick was deposited on 
TiN layer 15 in the substrate temperature of 420 ** (drawing 1 (b)). 

[0032]lt pulled and continued, said W layer 16, TiN layer 15, and the polycrystalline silicon layer 
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14 were selectively etched one by one using a usual photolithography and reactive ion etching 
(RIE), and the gate electrode 18 shown in drawing 1 (c) by exfoliating resist by 0 2 Usher was 

formed. 

[0033]Next, the steam (H 2 0) partial pressure was set to 25.6mTorr, substrate temperature was 

530 **, H 2 0 was plasma-ized by microwave discharge (2450 MHz, seal-of-approval electric 

power 100W), and this was supplied to the silicon substrate 1 1 by the downflow. This plasma 
treatment was performed for 30 minutes. 

[0034] Drawing 2 is a sectional view showing the outline composition of the processing unit which 
used the above-mentioned microwave discharge. As shown in this figure, in the reaction vessel 
(quartz tube) 27, the sample 28 (here silicon substrate 11) is accommodated, and the sample 28 
is heated by desired temperature with the ceramic heater 29. On the other hand, 21 is an 
ingredient container which accommodates water, and the water in this ingredient container 21 
passes along the gas introducing pipe with which the needle valves 22 and 23 which control the 
partial pressure of water, and the moisture meter 24 which measures the partial pressure of 
water were established, and is supplied to the microwave discharge part 25. In this microwave 
discharge part 25, water is excited by microwave discharge and serves as the plasma 26. The 
plasma-ized water is supplied to the sample 28 provided in the above-mentioned reaction vessel 
27. 30 and 31 are a turbo-molecular pump and a rotary pump, respectively. 
[0035]As shown in drawing 1 (d) according to oxidation treatment under the above conditions, 
while the side wall part and the silicon substrate 11 of the polycrystalline silicon layer 14 oxidize, 
It was checked that the side attachment wall of TiN layer 15 which W surface did not oxidize and 
was exposed oxidizes slightly, and about 0.5-nm Ti0 2 film 17 is formed. Compared with the 

conventional method, this could carry out [ low temperature ]-izing of the process temperature 
even to 530 ** from 916 **, and became clear [ that it is effective in oxidation control of W 
layer and a TiN layer ]. It is returned and W surface which oxidized by resist removing ashing 
becomes a good film. It checked that about 5 nm of oxide films of the lower edge area of the 
gate electrode 1 8 were thick by the method of this example. 

[0036]It continued, the ion implantation of a n type impurity, for example, the arsenic, was 

carried out by having used the field oxide 12 and the gate electrode 18 as the mask, and the n 4 * 
type diffusion layers 19a and 19b used as sauce and a drain were formed in the silicon substrate 
1 1 surface by being activated (drawing 1 (e)). 

[0037]According to this example, oxidation of W layer in gate electrode structure and the TiN 
layer was minimized, and it was checked that the semiconductor device which has good gate 
electrode dielectric strength due to the fall of process temperature can be manufactured. 
[0038] Drawing 3 (a) - (c) is a characteristic figure showing the thickness of a Si0 2 film and a 

W0 3 film to applied power, substrate temperature, and moisture pressure, respectively. As for 

discharge of the water shown in this example, it is possible to make it change within the limits of 
the conditions of ^^MKAS a ) - (c). A slash field is a selective oxidation region where W does 
not oxidize but only Si oxidizes. 

Selectivity is so good that applied power and substrate temperature are high as a general trend, 
and moisture pressure has so good selectivity that it is low. 

Each of this selective oxidation region changes with the changes in three parameters, moisture 
pressure, substrate temperature, and applied power, variously, and a selective oxidation region 
changes also with metaled kinds. The discharging condition of water has the moisture pressure 1 
- 2000mTorr, and the preferred applied power 10-500W, and is effective in the range of 1000 ** 
here from a room temperature as substrate temperature. [ of the applied power ] The moisture 
pressure 10 - 1000mTorr, 10 - SOmTorr, and also 25mTorr are good preferably. As for more than 
applied power 100W, a better result is obtained in the range of 300-800 ** substrate 
temperature. A discharging method has further again what is depended on the parallel plate type 
which used RF in addition to what is depended on microwave, a magnetron type thing using a 
magnet or an electromagnet, or a thing using a helicon wave. 
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[0039]Next, the manufacturing process of the semiconductor device concerning the 2nd working 
example of this invention is explained with reference to drawing 4 (a) - (c). First, after going to 
the process of depositing the W layer 16 like the 1st working example, on the W layer 16, the 
resist film 20 was applied and this was patterned by the usual photo lithography. Next, the gate 
electrode 18 shown in drawing 4 (a) was formed by etching selectively the W layer 16, TiN layer 

15, and the polycrystalline silicon layer 14 one by one by reactive ion etching (RIE) by using the 
resist pattern 20 as a mask. 

[0040]Subsequently, since the 1 -micrometer resist pattern 20 of the gate electrode 18 upper 
part was exfoliated, water was discharged. As a discharging condition, the steam (H 2 0) partial 

pressure was set to 25.6mTorr, substrate temperature was 530 **, H 2 0 was plasma-ized by 

microwave discharge like the 1st working example, and this was supplied to the silicon substrate 
1 1 by the downflow. This plasma treatment was performed for 30 minutes. 
[0041 ]By processing by discharge of this water, as shown in drawing 4 the resist film 20 on 
the W layer 16 exfoliated. The surface of the W layer 16 had not oxidized at this time. At this 
time, the side wall part of the polycrystalline silicon layer 14 of the gate electrode 18 and the 
side wall part of TiN layer 15 oxidized slightly, and it was checked that about 5 nm of oxide films 
of the lower edge area of the gate electrode 1 8 are thick. 

[0042]Then, by using the field oxide 12 and the gate electrode 18 as a mask, the ion implantation 

of a n type impurity, for example, the arsenic, was carried out, and the n + type diffusion layers 
19a and 19b used as sauce and a drain were formed in the silicon substrate 1 1 surface by being 
activated ( drawin g 4 (c)). 

[0043]As for the mask on a metal layer, the same effect was acquired also not only in resist but 
in carbon. As for discharge of the water shown in this example, it is possible to make it change 
within the limits of the conditions shown in the 1st working example. 

[0044]According to this example, in the electrodischarge treatment process of water, an after [ a 
gate ] oxidation process can be performed simultaneously with a resist removing process, and, 
simultaneously with process shortening, the fall of process temperature is possible. It was 
checked that the MOS type semiconductor device which has good gate electrode dielectric 
strength can be manufactured. 

[0045]Next, the manufacturing process of the semiconductor device concerning the 3rd working 
example of this invention is explained with reference to drawing 5 (a) - (c). First, after going to 
the process of depositing the W layer 16 like the 1st and 2nd working example, on the W layer 

16, the resist film 20 was applied and this was patterned by the usual photo lithography. Next, 
the gate electrode 18 shown in drawing 5 (a) was formed by etching selectively the W layer 16, 
TiN layer 15, and the polycrystalline silicon layer 14 one by one by reactive ion etching (RIE) by 
using the resist pattern 20 as a mask. 

[0046]Subsequently, since the 1-micrometer resist film 20 of the gate electrode 18 upper part 
was exfoliated, water was discharged. As a discharging condition, the steam (H 2 0) partial 

pressure was set to 25.6mTorr, substrate temperature was 100 **, and H 2 0 downflow plasma 

treatment by microwave discharge (2450 MHz, seal-of-approval electric power 100W) was 
performed for 30 minutes. As a result, as shown in drawing 5 (b), the resist film 20 on the W 
layer 1 6 exfoliated. The surface of the W layer 1 6 had not oxidized at this time. The temperature 
was lowered, after carrying out temperature up of the substrate temperature to 530 ** and 
holding it for 30 minutes, maintaining microwave discharge conditions on the above-mentioned 
conditions in succession in the state where the substrate 1 1 has been arranged in the reaction 
vessel 27 in order to thicken the oxide film of the lower edge area of the gate electrode 18. By 
this water electrodischarge treatment, it was checked that about 5 nm of oxide films of the lower 
edge area of the gate electrode 18 are thick. The surface of the W layer 16 had not oxidized at 
this time, either.(Draw in g 5 (c)). 

[0047]Then, the ion implantation of a n type impurity, for example, the arsenic, was carried out 

by having used the field oxide 12 and the gate electrode 18 as the mask, and the n + type 
diffusion layers 19a and 19b used as sauce and a drain were formed in the silicon substrate 1 1 
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surface by being activated ( d r a wing 5 (d)). 

[0048]In this example, after exfoliating a resist film at low temperature, in order to perform 
selective oxidation at an elevated temperature, it is exhausted promptly that the remains organic 
matter in the atmosphere by resist film exfoliation cannot react to a substrate easily. By this 
method, the good gate oxide which is not influenced by organic matter contamination can be 
formed, and it becomes possible to obtain a reliable gate electrode. 

[0049]The substrate temperature at the time of the resist film exfoliation shown in this example 
is effective in the range of room temperature -500 **, and, as for the substrate temperature at 
the time of subsequent selective oxidation, a good result is obtained in the range of 500-1000 
**. As for the conditions of moisture pressure and applied power, it is possible to make it change 
within the limits of the conditions shown in the 1st working example. 

[0050]In this example, since continuous processing of the substrate is carried out into the same 
vacuum chamber, it does not become complicated [ a process ] to move between different 
chambers etc., and an easy process can perform resist removing processing and selective 
oxidation processing. Under the situation where complication of a process is allowed to some 
extent, resist removing processing and selective oxidation processing can also be performed in a 
different vacuum chamber. In this case, it is preferred to perform conveyance between chambers 
of a substrate in a vacuum, and it is possible for this to suppress the influence of the remains 
organic matter given to selective oxidation processing to the minimum. 

[0051]Next, the manufacturing process of the semiconductor device concerning other examples 
is explained with reference to drawing 6 (a) and (b). This example forms an electrode or wiring by 
etching the layer which forms the layer which consists of metal or metallic compounds, forms a 
resist pattern on the layer which consists of these metal or metallic compounds, and consists of 
said metal or metallic compounds by using this resist pattern as a mask. 

Then, it is the method of removing said resist pattern, by exciting and plasmaHzing the gas which 
consists only of water with the device of the downflow method shown in drawing 2, and supplying 
this gas to a substrate. 

[0052] First, the field oxide 33 and the p + diffusion zone 34 are formed in the n type silicon 
substrate 32 which makes (001) the principal surface one by one. Next, after depositing the 
cascade screen of the CVD~Si0 2 film 35 and BPSG film 36 on the whole surface as an interlayer 

insulation film, a contact hole is provided on a diffusion zone, the TiSi 2 layer 37 is selectively 

formed in this contact hole pars basilaris ossis occipitalis, and the W layer 38 is further 
embedded selectively in this contact hole. Then, laminating formation of Ti film 39 / TiN film 40 / 
Al film 41 was carried out one by one, on this, the resist film 42 was applied and this was 
patterned by the usual photo lithography. Next, pattern formation of the wiring layer 43 shown in 
drawing 6 (a) was carried out by etching selectively Al film 41, TiN film 40, and Ti film 39 one by 
one by reactive ion etching (RIE) by using the resist pattern 42 as a mask. 
[0053]Subsequently, since the resist film 42 on Al film 41 was exfoliated, water was discharged. 
As a discharging condition, the steam (H 2 0) partial pressure was set to 10mTorr, substrate 

temperature was 1 00 **, and H 2 0 downflow plasma treatment by microwave discharge (2450 

MHz, seal-of~approval electric power 100W) was performed for 30 minutes. 
[0054]By this water electrodischarge treatment, as shown in drawing 6 (b), the resist film 42 on 
Al film 41 exfoliated. At this time, it was checked that the surface of Al film 41 in the wiring layer 
43 does not oxidize, and about 0.5-nm Ti0 2 film 44 is formed in the side of TiN film 40 in the 

wiring layer 43 and Ti film 39. 

[0055]In the method of the resist removing by conventional 0 2 Usher, since the Al wiring surface 
also oxidizes and aluminum 2 0 3 is formed into a peeling process, it becomes indispensable to 
remove this aluminum 2 0 3 in the following process. Since the Al wiring surface does not oxidize 
at the time of resist removing according to this example, the removal process of aluminum 2 0 3 is 
unnecessary, it leads to routing counter reduction, and a reliable semiconductor device can be 
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manufactured. 

[0056]Although Al wiring was described in the above-mentioned example, also in a metal 
electrode metallic wiring at large [, such as not only this but Cu, ] or, and at large, it is applicable. 
It is applicable also to the resist removing on metallic compound layers (TiN, TiSi 2 , etc.). 

[0057]In discharge of the water shown in the above-mentioned example, a result with a good 
time of the substrate temperature range being room temperature -500 ** is obtained, and, as for 
the conditions of applied power and moisture pressure, it is possible to make it change within 
limits shown in the 1st working example. 

[0058]Also to the process of removing not only a resist removing process but the organic matter 
which remains on a metal layer, a metallic compound layer, etc., for example after the 
conventional resist removing process, this invention could be applied and the same effect was 
acquired. 

[0059]This invention is not limited to above-mentioned working example. For example, as gas 
containing oxygen and hydrogen, hydrogen peroxide, hydrogen, oxygen, etc. can be used in 
addition to water. When it is especially used combining water, hydrogen or hydrogen peroxide, 
and hydrogen, the effect of selective oxidation is remarkable. 

[0060]It is also possible to mix the gas (Ar, Kr, etc.), for example, water and rare gas, containing 
oxygen and hydrogen, to oxidize silicon selectively using the mixed gas, and for this to gather the 
oxidation rate of silicon. 

[0061]Although the Al film and W layer were mentioned as a metal layer, layers, such as other 
metal layers, for example, molybdenum, platinum, palladium, rhodium, a ruthenium, nickel, cobalt, 
tantalum, titanium, and copper, may be sufficient. A metallic compound layer may be sufficient as 
TiN, TiSi 2 , etc., for example except a metal layer. 

[0062]As a reaction barrier layer inserted between a metal layer and a polycrystalline silicon 
layer etc., In addition to titanium nitride, a zirconium, hafnium, tungsten, vainadium, Oxides, such 
as nitrides, such as niobium, tantalum, chromium, a rhenium, and silicon, and also titanium, a 
zirconium, hafnium, tungsten, vanadium, niobium, tantalum, chromium, a rhenium, and silicon, a 
nitriding oxide, etc. may be used. 

[0063]As a silicon layer, the layer of a silicon substrate surface, the silicon layer of a SOI 
(SiliconOn Insulator) substrate face, or the silicon layer on an insulating substrate can be 
considered further again. In addition, in the range which does not deviate from the gist, it 
changes variously and this invention can be carried out. 
[0064] 

[Effect of the Invention]In this invention, the gas containing oxygen and hydrogen which were 
plasma-ized is used. 

Therefore, it is possible to perform at an easy process to oxidize a silicon layer selectively to the 
layer which consists of metal or metallic compounds. 

[0065]Therefore, since the process of oxidation behind resist removing or a gate can be 
performed easily and a Si0 2 film can be further formed at low temperature, controlling oxidation 

of the metal layer etc. which constitute a gate electrode, it becomes mitigable [ thermal load ] 
and improvement in gate pressure-proofing can be attained. 



[Translation done.] 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device comprising a polymetal structure together with its 
manufacturing method wherein a gate electrode is 
suppressed from depletion while a hot carrier resistance 
is assured. 

SOLUTION: There are provided a gate insulating film 12 
formed on a silicon substrate 10, a gate electrode 20 
which is formed on the gate insulating film and 
comprises a polysilicon film 14 and a metal film 18 
formed on it, and an insulating film 24 which is 
selectively formed at a side wall of the polysilicon film. 
Here, in an interface between a silicon substrate at the 
lower part of the end of a gate electrode and the gate 
insulating film, a nitrogen is introduced whose 
concentration is higher than that of nitrogen in the 
interface between the gate insulating film and the silicon 
substrate directly below the gate electrode. 
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